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COMMERCIAL IMPORTANCE’ 


Incense cedar (Libocedrus decurrens Torrey) is comparatively 
-little known on the general market. Only the better grades of lumber 
are shipped, and not much of this material is produced, owing to 
the prevalence of “ peckiness” or “ dry-rot,” and to the scattered 
occurrence of the tree. Frequently it is mixed with other species, 
there being too small a quantity of it produced in most operations 
to be handled separately. The local market for it is extensive, 
however, and it is cut by practically every operator in the mountains 
of California and southern Oregon, along with the more valuable 
timber trees with which it grows. 

An inquiry among the operators and dealers throughout California 
in 1912 showed that the total cut for that year, including local con- 
sumption, was, in round numbers, 32,810,000 board feet. Table 1 
gives the cut in California from 1899 to 1916, exclusive of local 
consumption, and the value of the cut at prevailing wholesale prices 
where available. 


1 Acknowledgment is made of the valuable assistance rendered in the gathering of data 
for this publication by various Forest officers of Districts 5 and 6, whose hearty coopera- 
tion has made its preparation possible, and of the assistance of Dr. E. P. Meinecke and 
Messrs. T. D. Woodbury, C. A. Kupfer, Ralph Hopping, and L. T. Larsen in the compila- 
tion of the data and the revision of the manuscript. 
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TABLE 1.—Annual production of incense cedar, as reported, and its value at 
prevailing market prices." 


Total cut 

of incense 

Year. | cedar re- 
ported. 


Average 
mill-run | Total value. 
price. 
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1Q0 7. tile 70184000) [Nene une aee eres 
19083 | 12,790,000} $10.52 $134, 551 


1909 | 14,834,000 12.95 192, 100 
1910 | 20,846,000 12. 80 266, 829 
1911 | 16,993,000 11.39 193, 550 


IOS | CROWD leostsnccobalscosecucossonc 
IBS |) 25S) | poccesecouescucsacessocc 
TAL A etrs OLY) eS secgcosclleccaaadaoudanc 
1915 | 12,185,000 12.08 147,195 
1916 | 16,587,000 13.05 215,416 


1 Incense cedar forms less than 1 per cent of the total of all timber cut in California. 
A ene as the years 1899-1907, inclusive, furnished by the California State Develop- 

3 Data for 1908-1916, inclusive, from reports of the United States Bureau of the 
Census and the Forest Service. 

PRODUCTS AND USES. 

Incense cedar is chiefly valuable for its lasting qualities, its dura- 
bility in contact with soil, and its peculiarities of grain and texture. 
Its durability was early discovered by settlers and prospectors, as is 
shown by its extensive use for rails, fence posts, and foundation 
timbers. Telephone and telegraph companies, railroads, and lumber- 
men also have recognized its good qualities and utilize it to a consider- 
able extent for poles, stubs, flume timbers, ties,and the like, wherever 
it is available. Recent developments have shown its adaptability 
to certain special uses, and a growing demand has sprung up that 
promises to make this an important Pacific coast species in spite 
of its characteristic unsoundness and past unpopularity. Table 2 
indicates the extent to which incense cedar is used by manufacturers 
and Table 3 how the total cut of 1912 was divided among various 
uses. 

TABLE 2.—Consumption of incense cedar by the wood-using industries. 


Cost f. 0. b. factory. 


Industry. Quantity used an- 


nually. Average 
per 1,000 | Total. 
feet. 
Feet b.m. | Per cent. 
Pencilislaigae 223525 osc. ech Bosra does on ies Seek See eee 3, 050, 000 52.5 $18. 00 $54, 900 
ID GORSHANCISASI aoc eee Se ao ei cay wearers epee Eg 2,570, 000 44.2 17.75 45, 620 
Chests ant poxes-n en) coe eat. Peamance or cee eee eee 93, 750 1.6 25.00 2, 344 
Mlooringandimoldings.os! cs. S22 See ee ee ee 62, 500 ial 25. 00 1, 563 
Raisinwtlaysss since seco ce 8 o Shee ce See oe weet zee ee eee oe 31, 250 .6 16. 50 516 
Mata ber eee eect eee — Sree cic CE cui cak antes tat tae ee 5, 807, 500 100. 0 18.07 | 104,943 


Note.—See Bulletin No. 3, California State Board of Forestry, ‘‘ Wood-using Industries of California,” 
by Andrew K. Armstrong, engineer in timber tests, U. S. Forest Service, 1912. 
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TABLE 3.—Consumption of incense cedar in 1912, classified by products. 


Market price or value. 


; Total 
Use. Quantity used. ne 
Range Average 
Feet 6. m. | Per cent. 

Hum bersaess ase 22, 500, 000 68.6 | $10 to $75 per 1,000 feet. .| $15 per 1,000 feet!....... $337, 500 
Oe ee eae eee 3, 500, 000 10.6 | 20 cents each............ 20 cents each.-..-......- 20, 000 
Pencil slats........ 3, 050, 000 9.2 | $14.50 per 1,000 feet 2.-...| $14.50 per 1,000 feet 2..... 44, 225 
IPOStS eaten sees ee 2,500, 000 7.6 | 10 to 35 cents each..-..-- a con's aches aA see 35, 226 
Stubs, 30 cents.-.......- OlCents soo8ae see cece eesee cases 
Poles and stubs...-| 500,000 1.5 {Poles $1.95 to $4.50...... SROs eee, cs oe 3, 900 
Cordwood........- 500, 000 1.5 | $4.50 to $6.50 per cord. . .| $5.50 per cord. .......... 5, 500 
Shingles..........- 250, 000 .7 | $2.50 to $5 per 1,000 feet..| $3.75 per 1,000 feet......- 7, 500 
Shakessase-seos ee 10, 000 -3 | $7 per 1,000 feet........-. $7 per 1,000 leOtesstacccc 210 
Lotaliesn eee 32, 810, 000 100. 0 : 454, 061 


1 Mill run No. 2 common or better. ‘ 
2 25-inch rough, f. 0. b. cars at main-line points. 


LUMBER. 


Incense cedar when sound makes excellent lumber, for it is light, 
soft, and easily worked. It is not, however, a good lumber-producing 
tree, because of its short body, rapid taper, and susceptibility to 
“dry-rot” or “ peckiness.” So common is this that it is a common 
practice in cruising incense cedar to deduct from 30 to 50 per cent 
for cull on account of it. Only the occasional sound trees and por- 
tions of logs free from dry-rot are sawed into boards, the rest, unless 
too badly honeycombed, being cut into dimension stuff or ties. 

The yield of various grades of lumber from an incense cedar tree 
depends very largely, of course, on the amount of “dry-rot.” This 
varies so widely, however, 1n divferent trees in one locality as well as 
in trees in different localities that data based on the yields of 
“pecky” trees would have very little general application. The 
yields indicated in Table 4 are based therefore on sound trees and 
are fairly typical of the yield where there is no “ dry-rot.” 


TABLE 4.—Yield by grade of incense-cedar lumber. 


Tree No. 1. Tree No. 2. 
Grade. 
Yield in Yield in 
board |Percent.| board Per cent. 
feet. feet. 
Clear Fe ise se. Wes ts 500 17 1,360 17 
No. l1common...... 900 31 2,340 29 
No. 2common...... 700 24 1, 890 24 
No. 3common...... 500 17 1, 350 17 
Bese ng. Siew rer 300 11 810 13 
Motale 6. 7-6. 2, 900 100 7,750 100 


The price of rough incense cedar lumber, mill run, averages $15 
per thousand feet board measure at the mill. The prices paid for 
it in its manufactured form at centers of distribution and consump- 
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tion, however, vary widely with its quality and the use for which it 
is desired. As high as $75 per thousand feet board measure has 
been paid for select uppers, to be used as pattern stock and in cabinet 
work; but it is often difficult to dispose of the lower grades at $8 
or $10 per thousand, prices which scarcely pay the cost of logging 
and manufacture. Table 5 shows the range of prices as they were 
quoted in 1912, and the average prices for the different grades. 


TABLE 5.—Selling price of incense cedar, by grades, f. o. b. mill in 1912. 


Grade. . Range. | Average. 
| 
Clears sss ee hoes | $30 to $75 per 1,000 feet. -- =. ---.-5-.-=-- $45 per 1,000 feet b. m. 
No. l1common....-. $22 to $32 per 1,000 feet... .-------.--=--<- $27.50 per 1,000 feet b. m. 
No. 2common!..... $18 to $22 per 1,000 feet: ..-.---.-----.--- $20 per 1,000 feet b. m. 
MGM Tut. eee $10 to $20 per 1,000 feet.......-.-.-.----- $15 per 1,000 feet b. m. 


1 Grades lower than No. 2 common are usually unmerchantable. 


The greater portion of the cedar that finds its way into the gen- 
eral market is used by builders for outside trim and interior finish. 
Its durability, easy working qualities, pleasing grain, rich color, and 
ability to take a good polish make it particularly desirable for these 
purposes. Sash and door manufacturers use it to some extent be- 
cause of its availability and cheapness, although in the aggregate it 
amounts to but 2 per cent of the total quantity of lumber consumed 
by this industry. It is used also in the manufacture of chests and 
wardrobes, the aromatic odor of the wood supposedly rendering them 
moth-proof. A small quantity is consumed annually for pattern 
stock, moldings, and raisin trays. Locally, incense cedar is used for 
dimension stuff and rough construction work, or for sills, culverts, 
sidewalks, bridge planks, etc., where cheapness or durability are 
important and the presence of dry-rot does not affect its usefulness. 

Cedar is used occasionally in the manufacture of crates and fruit 
boxes, but owing to its tendency to split in nailing it is considered 
undesirable. An attempt also has been made to utilize it in the man- 
ufacture of cigar boxes, but it was found that the oils contained in 
the wood imparted a disagreeable flavor to the cigars. 


TIES. 


In the early nineties there was a considerable demand for incense- 
cedar ties, and large numbers were hewn in Eldorado, Placer, and 
Nevada Counties. These ties brought 25 cents each and found a 
ready market at San Joaquin Valley points, where railroad construc- 
tion was then under way. As the size and weight of rolling stock 
increased, cedar was found to be too soft to stand the wear and tear, 
and its use was abandoned, except for logging roads and spurs where 
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this was not excessive. To- day, however, with the universal use of 
tie plates, cedar ties are again coming into more general use in 
regions where they are available. 


PENCIL SLATS. 


Although the use of incense cedar for pencil slats is of recent 
development it bids fair to become more and more important as the 
supply of southern red cedar becomes exhausted. As is shown in 
Table 2, the demand of pencil manufacturers for incense cedar has 
already surpassed that of all other industries. 

The qualities of incense cedar which adapt it particularly to this 
use are its softness, its straight grain, and the ease with which it can 
be whittled. While its color is not all that could be desired, it stains 
readily and is highly satisfactory for the cheaper grades of pencils. 
Dry-rot does not affect its usefulness for this purpose except by 
increasing the necessary cull, for the sound wood between the cavities 
caused by the rot can be utilized to a great extent. Some trouble © 
has been experienced with uneven shrinkage in kiln drying after 
staining, particularly when the wood showed rapid growth. This, 
however, is a minor difficulty, as cedar is characteristically a slow- 
growing tree. 

Cedar for pencils ordinarily is contracted for by the pencil manu-. 
facturers at so much per 1,000 feet board measure, delivered aboard 
the cars at main-line points. In such cases it usually is bought direct 
from timber operators. Occasionally, however, stumpage is pur- 
chased and the logging contracted for. Pencil wood was formerly 
shipped in the log, the logs first being peeled; but recently this 
practice has largely been discontinued, the logs now being sawed into 
planks of the desired thickness locally and shipped to slat factories 
as rough lumber. This allows closer culling and reduces freight 
charges. At the slat mills, usually located at some central shipping 
point, the cedar is first seasoned and then cut into slats of the desired 
size; these slats are later sorted, stained if necessary, bundled, and 
shipped to factories in the East or in Europe for manufacture into 
pencils. 

Cedar suitable for pencil stock brings from $10 to $12.50 per thou- 
sand feet board measure in the log and $14.50 per thousand when 
sawn into planks f. o. b. cars at main-line points, which, while low 
for lumber in general, is an average price for cedar, when the amount 
of cull is considered. 


POSTS, RAILS, POLES, AND STUBS. 


The durability of incense cedar in contact with the soil, its ight- 
ness, and the ease with which it splits make it particularly desirable 
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as a post timber. Few species are prized more highly for this purpose. 
Since the days of the earliest settlers it has been the chief source of 
fence posts and rails throughout the mountains and foothills of 
California. 

Posts and rails for the most part are split, the trees first being felled 
and bucked into the desired lengths. Although in a few cases cedar 
has been sawed into 4 by 4s or + by 5s for this purpose, split posts 
generally are considered more satisfactory. In good timber two men 
working together can split out 200 or more posts a day, thus making 
good wages at from 5 to 6 cents a post, the usual price paid for this 
work. 

In making posts usually the heartwood only is utilized, the sap- 
wood not being durable. Post makers prefer dead and charred cedar 
logs and snags where the sapwood has rotted and been burned away, 
leaving thoroughly seasoned heartwood. Such material is usually 
sound, for if dry-rot had been present in any considerable quantity 
the entire log would have burned. 

It is estimated that at least 230,000 incense cedar fence posts are 
used annually. Accurate figures, however, are not obtainable, since 
their use is for the most part local and they are cut in small lots, often 
by the men who use them. On the National Forests cedar posts form 
an important item of the free-use business, most of the local ranchers 
obtaining their supply in this way. In some regions it is an annual 
custom for those located in the foothills to go into the mountains for 
a week or two each fall for the purpose of cutting and hauling their 
year’s supply of posts and rails. 

The stumpage value of post material varies from 2 to 6 cents per 
post, according to its accessibility and abundance, dead cedar usually 
bringing about 1 cent less than green, although it is the more desirable 
of the two. Throughout the Sierras the price ranges from 2 to 4 
cents, except on the Nevada slope, where it is somewhat higher 
because of its scarcity. The prices at which posts are sold, ranging 
from 10 to 35 cents, are given in Table 3. This variation, however, 
is due largely to differences in the cost of transportation to the vari- 
ous market points rather than to differences in the cost of stumpage 
or manufacture. In the local markets, which consume most of the 
supply, from 16 to 18 cents is the usual price. 

Table 6, based on somewhat limited data, indicates roughly the 
yield in posts for trees of various diameters. There is, however, such 
a great variation in the relative width of the sap, the ease of working, 
and the waste due to rot and knots, that at best a table of this char- 
acter is only approximate. 
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TABLE 6.—Post volume table for incense cedar; basis, 8 trees. 


Diameter, Number Diameter, Number 
neat of posts. high. of posts. 
Inches. Inches. 


42 102 


Large numbers of poles and stubs also are made annually for local 
use. Like rails and fence posts, these are practically all split, al- 
though in a few instances sawed incense cedar poles have been used 
by power companies in their local lines. Such poles were quoted 
locally in 1911 at the prices given in Table 7. 


TABLE 7.—Local market prices of sawed incense cedar poles (1911). 


Dimensions. 


Market 
EE price 
Butt. Top. Length. | each). 

Inches. Inches Feet. 

8by 8 6 by 6 18 $2.35 

8by 8 6 by 6 20 2.50 

9by 9 6 by 6 25 3.50 
10 by 10 7Tby7 30 4.50 


Owing to the presence of dry-rot and the greater difficulties of 
transportation, incense cedar poles are not so desirable as poles of 
the western red cedar of the Northwest, and no attempt therefore 
has been made to put them on the general market. Split poles ap- 
proximately 6 inches by 6 inches by 18 feet are frequently used in 
local telephone-line construction, and bring for this purpose from 
$1.25 to $1.50 each. The use of such poles, however, is not extensive, 
owing to the scarcity of timber from which they can be split. 
Round poles made from incense cedar saplings have also been used 
to a limited extent. They are not particularly satisfactory, how- 
ever, owing to their rapid taper and to the preponderance of sap- 
wood. 

The extensive use of cedar stubs throughout California has arisen 
from the necessity of either replacing or stubbing poles which have 
rotted off at the ground. Stubbing, being the cheaper, has been the 
practice usually followed, a stout post being set alongside and the 
old pole wired or bolted to it. As cedar is handy and the most 
durable timber available, it is usually used for this purpose through- 
out its range. Though not quoted in the general market, cedar stubs 
sell locally for 30 cents in regions where the species is fairly 
abundant. 
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SHAKES AND SHINGLES. 


Incense cedar shakes were used in considerable quantities in the 
early days by settlers and prospectors, but have been displaced by 
sugar pine, and to-day the use of cedar for this purpose is limited to 
an occasional tree cut by some miner or “sky” rancher. 

The use of incense cedar for shingles is of considerable importance 
locally where the general market is not readily accessible. It makes 
an excellent shingle, but the small amount of sound timber available 
has prevented its being exploited as a shingle material. Throughout 
its range the small sawmills supplying the local market frequently 
cut shingles in limited quantities for home consumption. For this 
purpose cedar is usually sold in bolts by the cord, the stumpage 
price being about $1 per cord or $2 per thousand feet board measure. 
In the local market incense cedar shingles bring from $2.50 to $5 
per thousand according to quality, averaging from $3.50 to $3.75. 
In one instance reported the prices quoted, per 1,000, were as follows: 


No.1 clear heantveedan = —— sa oe $5. 00 
No.2 heart-:and. Sapien ts 222 ie se eee 3. 75 
INOS 23 SSOUNG : Teno tS a2 27s ee = ee Ee SO ee ee 2. 50 


MISCELLANEOUS USES. 


Among the various uses of incense cedar not mentioned above, its 
use as fuel is probably the most important, although the quantity 
consumed in this way is insignificant when compared with the total 
amount of fuel wood used annually. It burns readily, gives off con- 
siderable heat and but little smoke, and is frequently used where it 
is plentiful, being generally considered more desirable than pine. 
Tts fuel value, according to Sargent, is 54 per cent that of white oak. 
In a number of logging operations it is used exclusively for cooking 
and heating around the camps. In 1911 and 1912 more than 1,800 
cords of this species were cut in the vicinity of the Shasta Na- 
tional Forest and disposed of locally for $4 and $4.50 a cord. Ordi- 
narily, however, little is sold; it is cut and used mostly by local 
inhabitants. 3 

In the raisin country at the upper end of the San Joaquin Valley 
incense cedar is used extensively for grape stakes. These are split 
out in much the same manner as posts and are hauled down from 
the mountains in small quantities and disposed of to the vineyardists 
in the valley, who utilize thousands of such stakes annually. It is 
in this region, too, that incense cedar is used for raisin trays, its ight- 
ness, durability, and freedom from warping and checking making it 
particularly desirable. 

Experiments have been conducted by the Forest Service at its 
Forest Products Laboratory, Madison, Wis., to determine the possi- 
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bilities of incense cedar as a pulpwood. These experiments? show 
that a fairly good grade of paper can be made from it, although 
somewhat dark in color and difficult to bleach. The available supply, 
however, in comparison with the more desirable pulpwood species, is 
too limited to admit of its ever assuming commercial importance for 
this purpose. 

Among the miscellaneous uses for incense cedar is the use of the 
bark as a top dressing for dirt roads subject to heavy traffic. This 
is common in the vicinity of logging operations, where heavy haul- 
ing is necessary. ‘The tough, stringy bark serves admirably to 
keep down the dust and reduce the wear and tear on the road. It 
also serves excellently as a binder where the ground is soft and 
springy. The bark, which somewhat resembles that of redwood, 
has also been used in the manufacture of souvenirs and novelties, 
although not on a commercial scale. Attempts have also been made 
to utilize it in the manufacture of matches, but it was found to be 
too brittle. 
AVAILABLE SUPPLY. 


COMMERCIAL RANGE AND OCCURRENCE. 


The commercial range of incense cedar is confined to the west slope 
of the Sierra Nevadas and the mountains of northern California and 
southern Oregon, although the tree occurs throughout the mountains 
of the Pacific coast from central Oregon to northern Mexico. It is 
found only in mixture with other species, chiefly yellow pine, sugar 
pine, Douglas fir, and white fir, averaging in general about 8 per 
cent of the stand. Throughout most of its range a cut of 2,000 feet 
per acre is a fair average, but in localities particularly favorable to 
its growth it frequently runs from 4,000 to 7,000 feet to the acre and 
forms as much as 18 per cent of the merchantable timber. Cuts of 
from 13,000 to 20,000 feet to the acre have been reported on limited 
areas where it formed from 30 to 50 per cent of the total stand, but 
they are unusual. These variations in the proportion of incense 
cedar in the stand, as well as the stand per acre, are characteristic 
throughout its entire range, but in the southern Sierras, where the 
conditions for its growth are most favorable, the average stands are 
generally heavier and the maximum occurs more frequently. This is 
brought out by a comparison of the average proportion of incense 
cedar in the stand and the average stands per acre in different re- 
gions. For example, in northern California the average stand per 
acre is only about 500 feet, 4 or 5 per cent of the total stand; but in 
the southern Sierras it averages from 18 to 25 per cent and runs from 
2,500 to 7,000 feet per acre. 


i¥or the results of these tests see ‘‘ Paper Pulp from Various Forest Woods,” Forest 
Products Laboratory Series, U. S. Department of Agriculture, Forest Service. Issued 
Mar. 7, 1912. 
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ESTIMATED STAND. 


In round numbers, the available supply of incense cedar in Cali- 
fornia is estimated at 10 billion feet board measure, and in Oregon 
and Nevada combined perhaps 1 billion more, or 11 billion feet in 
all. Of this, approximately one-half is privately owned, the rest 
being distributed among the various National Forests, parks, ete. 
Table 8 gives the estimated stand on the various National Forests in 
California and Nevada. 


TABLE 8.—IJncense cedar on National Forests. 


| 
| Estimated | Percent | 


ae SSE | Estimated | Per cent 
National Forest. stand: =| of total. | National Forest. | Sisal. cf iotal: 
a Si ay 
Feet,b.m. | i | Feet,b.m. 

Stintshins., 204 eis | 747,232,000 14.5'|PEldortdp. 6 | 200,000, 000 Saye 
Sires os eee eee 731, 177,000 14.241 Caliingnia.-* 2 2. 198, 666, 000 3.8 
Kismat lis 4 See) | 729; 710, 000 14.2 {| Cleveland............-.... | “50, 000,090 1.0 
Sequnims - 236 | 580,608, 000 11.9 |; Angeles... _- eee ee 47,587,000 .9 
Binmas! oo ea | 500,000, 000 9) 7 Modoc! =. toe ae 29, 850, 000 .6 
WEMILY o2 202-2 on 3S -s | 416,578,000 8.1 || Santa Barbara... ----.--.-. 2 7,090, 0CO | 
Sliasie <3 abe | 375,918,000 2A iMengee eS eo Sa) 1) eee os 
pi 1 eo a ep | 300,000,000 5.8 HT 
bess De eaevanee ea ae | 215,000, 000 4.1 Total... -_-.........-|5, 129,876,000 | 100 


STUMPAGE VALUE. 


The stumpage value of incense cedar on private lands, where it is 
sold with other species for lumber, varies from $2.50 per thousand, 
for pencil wood and select post material, to 25 cents per thousand. 
The average price per 1,000 feet board measure received in sales of 
incense cedar on the National Forests during the past 11 years are 
as follows: 


| 5 ae ae ae ae ee $0525 4) A909 =e Sa FS ml. 25) |) 2O1Res ee Be es $0. 60 
AUG: == 32 ee aS 45 | EGS oe ee rs 1.30 3) HOM. 3.) Fea . 95 
i} || Get 8 1 3 SS 1 Ee eS A eo ee . 80 


Seep ee ne re poe), Gob ee ee . 92 


The value of the remaining stand, based on the prevailing stump- 
age price for incense cedar on National Forests in 1915, amounts to 
approximately $8.500.000 or $9,000,000. For special uses it is worth 
at least three times that amount to-day and is bound to become still 
more valuable in the future as the supply diminishes. 


THE WOOD. 


The wood of incense cedar bears closest resemblance both in gross 
and minute structure to the bald cypress and western red cedar. It 
is not likely, however, that incense cedar will be substituted for these 
woods, so that the question of identity will seldom be raised. 
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GROSS CHARACTERISTICS. 


The wood of incense cedar is soft and light, averaging about 25 
pounds per cubic foot in an air-dry condition. Its shipping weight 
is about 4,500 pounds per thousand feet board measure in the log, 
and. from 2,300 to 2,500 pounds per thousand feet as lumber, depend- 
ing upon the degree of seasoning. The wood, though not strong, is 
compact, and has a fine straight grain, splits readily and evenly, 
and does not check or warp much in seasoning. It works well, takes 
a good polish, is extremely durable, and is consequently useful in 
many ways. As the name implies, incense cedar is markedly aro- 
matic, possessing a pronounced resinous and not unpleasant odor. 

The sapwood and heartwood are usually well defined, especially 
in old trees and seasoned lumber. The sapwood is white or cream 
colored, and the heartwood a light brown, often tinged with red and 
turning darker with age and exposure to light and air. 

The annual rings of growth, though sharply defined in structure, 
can not always be readily distinguished by the naked eye in slow- 
erowing or suppressed trees anc in the outer portion of old, over- 
mature timber, where the rings are narrow. In thrifty growing 
trees, however, the annual rings put on in early life are often wide 
and fairly conspicuous. 


STRENGTH AND SHRINKAGE.1 


dncense cedar is not strong when compared with longleaf pine 
and Douglas fir, owing to the prevalence of defects and its low 
elastic limit. Figures on its actual strength value for construction 
purposes are not available, but. Table 9 contains the results of tests 
on small pieces cut from 9 trees growing at an elevation of 3,600 
feet, near Weed, Cal. All portions of the tree, both sap and heart, 
were represented, and the results given are averages of all tests 
made. The results of similar tests on longleaf pine, Douglas fir, 
and the more important associated species of incense cedar are given 
for comparison. Though much weaker than longleaf pine or Doug- 
las fir, incense cedar compares favorably with many other species. 

1The data on incense cedar are the results of tests conducted at the Forest Service 


Laboratory operated in cooperation with the University vf Washington, Seattle, by 
O. P. M. Goss, engineer in forest products, July, 1912. 
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Taslte 9.—Resulis of strength tests on incense cedar and associated species as 
compared izith longleaf pine. 


Bending. 
—— Maximum 
strensth “ 

Modulus of Ege US 

elasticity. allel to grain). 


pecies.1 
= Thou- 
= 3 Pounds 2 
er per er 
eae cent. | Square} cent 
= P inch. 
quare 
inch. 
Longleaf pine? (Pinus palustris) .....-..----.- 1,540} 100.0] 4,400]~ 100.0 
Douglas fir (Pseudotsuga tarifolia)..........-.- 1,597 | 103.7 | 4,030 91.7 
Tncense cedar (Libocedrus decurrens)....-....- 754 48.9 | 3,030 68.9 
White fir (Abies concolor) .....-.-------------- 1,131 73.4 | 2,800 63.6 
Sugar pine (Pinus lambertiana) _.........--.-.- 6 62.7 | 2,600 59.1 
Western yellow pine (Pinus ponderosa)_--..--- 1,111 72.1 2, 400 59.0 


1 Tests made on green specimens 2 by 2 inches and free from all defects. 
ola ee Tel ero ea fetes me 

Tests on strength in relation to moisture, also made on smail pieces, 
showed that thoroughly dry sapwood and heartwood are each 2.50 
times as strong as green wood. In these tests the sapwood proved to 
be slightly stronger than the heartwood at all stages of seasoning. 
It was not always possible, however, to take the heart and sap speci- 
mens from immediately adjacent sections of the tree, which might 
explain this slight difference. 

The average shrinkage in cross section in the above tests, in passing 
from the green to the thoroughly dry condition, was 9 per cent for 
the sapwood and 6 per cent for the heartwood. 


DURABILITY. 


Incense cedar is known to be one of the most durable timbers on 
the Pacific slope. The life of a split heart-cedar fence post is reputed 
to be from 20 to 30 years, and of rails from 30 to 40, and numerous 
instances have been cited where they have lasted longer. Sap-cedar 
posts, on the other hand. are said to last but 5 or 6 years. 


THE TREE. 


GENERAL DESCRIPTION. 


Incense cedar is one of the most characteristic trees of the California 
forests, its shreddy, deeply furrowed, yellowish-brown or cinnamon 
colored bark, rapidly tapering bole, and dark-green foliage distin- 
guishing it at once. It resembles somewhat eastern arborvite (the 
white cedar of the north woods) in its flat sprays of scalelike leaves. 
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This impression is further strengthened by the appearance of the bark 
on the younger trees, which is flaky rather than shreddy, and by the 
crown, which is characteristically conical and compact in early life. 
The pendulous, blunt-pointed cones, however, are unlike those of any 
other genus, and serve as a ready means of indentification. 

As stated, the tree in early hfe has a compact, sharply conical 
crown reaching nearly to the ground. The stem is single and erect, 
tapering more or less sharply to a slender, gracefully flexible tip. 
The bark on seedlings is usually smooth and dark green or brown, 
but in the sapling and pole stage it becomes flaky, more or less 
tinged -with red, and shows a lighter yellowish underbark where it | 
has scaled off. In middle life the tree loses somewhat its conical 
form of crown, although usually retaining it at the top throughout 
the period of height growth, unless damaged or badly suppressed. 
The bark, too, at this stage becomes shreddy and takes on the char- 
acteristic yellowish-brown color peculiar to this species, or in some 
localities a decidedly reddish tinge, which it retains throughout 
its life. At maturity the tree loses most of its symmetry of form, 
becomes buttressed, swell-butted, and flat-topped. At this period, 
too, the crown is usually more or less open and irregular, consist- 
ing of a few large scraggly limbs, often deformed by mistletoe and 
witches’ brooms—a condition typical of incense cedar in virgin 
stands. 


SIZE. 


Incense cedar varies greatly in size. At maturity, under ordinary 
conditions, it may be said to average from 75 to 110 feet in height 
and from 30 to 40 inches in diameter breasthigh. Much larger trees, 
however, frequently occur. The largest of which there is any record 
is located near Morgan Springs, Tehama County, Cal., and measures 
96 inches in diameter at breastheight, 120 feet in height, and contains 
approximately 9,700 board feet. Trees 150 feet in height occur in 
several localities throughout the Sierras, and in Tuolumne County 
a tree 186 feet high was cut recently. Under less favorable conditions 
for growth, average diameters and heights, particularly heights, are 
appreciably less. Thus, in the coast ranges and in southern California 
cedars from 60 to 80 feet high are the rule, though in the Sierras trees - 
from 100 to 125 are not unusual. At high elevations and on poor 
sites generally the trees are smaller and scrubbier. On good sites at 
moderate elevations they make their best growth. Table 10 gives, 
for several localities, the average merchantable length of trees by 
diameters, the average number of logs, the maximum and minimum 
heights, and the average top diameters to which the trees can be cut. 


1 Described fully on p. 17. 
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TARLE 10.—Relative diameter, heights, and merchantable lengths of incense 
cedar; basis, 1,089* trees. 


[CURVED.] 
Relative total height 
cae in different localities. Average. 
pier 1h == a ae nee | See 
reast- ini- axl- 
Stan- Plu- Se- Aver- 
Tae islaus | mas | quoia Heit neeatit Mer- | Num- |agetop| Basis 
side Na- Na- Na- eile 82.) Motal | chant-| ber of | diam- | num- 
bark) tional | tional | tional height.| able | 16-foot} eter | ber of 
/- | For- For- | For- length.| logs. | inside | trees. 
est. est. est. bark. 
Inches.| Feet. Feet Feet. Feet Feet. Feet. Feet. Inches. 
PP intel ett! eal Be Se She 14 41 D4 hee PE 0 es Sy Pe es SR ERE ok ae 
10 30 SOA ze Sore 19 54 33 8 0.5 6) jess 
12 38 ASy elas: Salas 23 64 41 14 at 6 IRS 
14 45 i) oal eer 28 74 49 23 1.0 Che a 
16 52 (a ald fee ee 32 84 54 29 le 5 Syaise Fe 2 
18 58 (Od oa cea 35 93 62 34 2.0 9 11 
20 65 (Acer ese == 40 101 69 40 2.0 9 20 
22 71 S2e tec cover 44 108 75 45 ety 9 37 
24 77 86 68 48 114 81 50 3.0 9 43 
26 83 90 73 51 122 86 55 3.0 9 44 
28 88 93 78 55 128 91 60 3355 9 67 
30 94 95 82 58 133 95 64 4.0 10 87 
32 100 97 86 61 138 99 70 4.0 10 96 
34 105 98 90 65 143 103 74 4.5 10 84 
36 110 100 93 68 147 107 78 4.5 10 104 
38 114 101 96 71 151 111 82 5.0 10 102 
40 117 102 99 74 154 114 86 5.0 10 63 
42 120 104 101 76 158 117 90 Sous 10 67 
44 123 106 104 79 162 120 93 Ro 10 76 
46 124 108 105 82 165 123 96 6.0 10 58 
48 126 110 107 85 168 125 98 6.0 10 34 
50 127 112 109 87 171 127 101 6.0 10 33 
52 L290 wl atcmeciss 110 90 174 129 104 6.5 10 21 
54 130 LS el eee 92 176 131 106 6.5 10 8 
56 TA ie Re Eh 94 177 133 109 6.5 10 12 
58 TS VAS bape me ole a ee 97 179 134 Bee 6.5 11 8 
60 GS Viel (eae ier | Peer ar 100 180 136 114 7.0 11 9 
G2 ae aes See ee eee 102 181 137 116 7.0 11 2 
642g) ae a ee |e aes 104 182 139 118 7.0 11 2 
66 190 285 29 107 183 141 120 dao 11 1 


1 The difference between this figure and the total number of measurements given as a basisin the different 
ocalities is due to the inclusion of additional measurements from other localities in deriving the mean. 


LONGEVITY. 


Like most of the related species, incense cedar is a long-lived tree. 
A few records of very large trees have been obtained, and trees from 
300 to 500 years old are not unusual. The oldest observed was 542 
years old at the stump and measured approximately 51.2 inches in 
diameter at breastheight. It is probable, therefore, that where it is 
undisturbed it reaches an age of from 800 to 1,000 years. 


FORM. 


Incense cedar is characteristically short-bodied and rapid-tapering, 
a feature which is accentuated as the tree approaches maturity by a 
tendency to become buttressed and swell butted. This characteristic 
is further exaggerated by the extreme thickness of the bark on the 
lower portion of the bole, from 6 to 8 inches being not uncommon in 
old trees. The relative form of the bole at different ages is shown 
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in figure 1 and its peculiar habit of buttressing is illustrated in 
figure 2. 

In computing age and volume from stump measurements it is 
necessary, because of the extreme butt taper of the species, to reduce 
stump measurements to the relative diameters at some fixed point 
for the sake of comparison. Table 11, prepared for this purpose, 
gives in terms of inches and tenths of inches the taper from various 
stump heights to diameter breasthigh, or 43 feet above the ground, 
the standard point of measurement. 


TABLE 11.—Taper in diameter outside of bark from stump height to breasi- 
height ; basis, 101 trees (Plumas National Forest, 1912). 


[CURVED.] 
Diameter at breastheight. 
Stump 
height. 18 | 20 | 22 24 | 28 | 32 | 36 | 40 | 48 
Taper 
Feet. | Inches. | Inches. | Inches. | Inches. | Inches. | Inches. | Inches. | Inches. | Inches. 
1.0 4.0 4.4 5.0 a: 6. ts 8.1 8.7 9.9 
12 Seid) 4.1 4.6 N74 6.0 6.6 UeZ tel 8.6 
1.4 3.4 3.8 4.2 4.7 83 5.9 6.3 6.8 7.5 
1.6 BiH onD 3.9 4.2 4.8 5.2 5.6 6.0 6.6 
1.8 2.9 3.2 oa 3.8 4.3 4.7 5.0 398° 5.8 
2.0 Proll 2.9 3.2 3.4 3.8 4.2 4.4 M7 Sel 
2a, 2.4 7th 2.9 ail 3.4 3.8 4.0 4.3 4.6 
2.4 D9 2.4 2.6 2.8 3.1 3.4 3.6 3.8 4.1 
2.6 2.0 2.1 2.3 2.5 PP 3.0 3.2 3.4 BS 
2.8 A 1.9 2.0 252 2.4 2.6 2.8 3.0 3.3 
3.0 15 1.6 1.8 1.9 74511 2.3 2 2.6 2.9 
3.2 2 1.4 1.5 1.6 1.8 2.0 P51) 2.3 255 
3.4 1.0 ileal i174 tes 1.5 ey. 1.8 1.9 2a: 
3.6 .8 9 1.0 ith 1.2 1.4 1.5 1.6 st f 
3.8 .6 -6 atl .8 1.0 Sik 12 le? 11583 
4.0 .4 .4 Ali) 6 atl 8 .8 -9 .9 
4.2 .2 37 33 .3 4 tO =O a9 a0 


ROOT SYSTEM. 


Incense cedar is decidedly windfirm, and few cases of uprooted 
trees are to be found. In general, the root system is fairly wide 
spreading and composed of a number of large, stocky, many-branched 
laterals with numerous short, small, descending offshoots, forming 
a compact, intricately tangled mass immediately around the base of 
the tree. The tree does not develop a taproot beyond the early stages, 
although a pronounced taproot is characteristic of the seedlings, as 
in most conifers. Incense cedar stands root pruning better than most 
species and develops numerous laterals, which makes it an easy tree 
to handle in the nursery. 


FOLIAGE AND BRANCHING. 


The foliage of incense cedar is evergreen and consists of small, 
pointed, scalelike leaves, which adhere closely to the slender branch- 
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400 Yeors 
300 Years 
200 Yeors 

100 Years 


Ground Line 


Fic. 1.—Relative form of the bole of incense cedar 
at various ages. 


lets and remain on the tree 
from 3 to 5 years. The 
leaves are opposite and 
four-ranked lke those of 
other species, which are 
related but are character- 
ized by their long bases, 
which extend from one- 
eighth to one-half inch 
along the branch. They 
are also keeled, and each is 
provided with a small resin 
gland, which accounts for 
the pungent aromatic odor 
so noticeable when the leaf 
is bruised. The younger 
branchlets have the ap- 
pearance of being jointed, 
as two pairs of leaves oc- 
cur together, at right 
angles to each other, and 
overlap slightly the four 
leaves above. 

In the seedling stage in- 
cense cedar is character- 
ized by three kinds of 
leaves (Pl. IIT), which 
serve to distinguish it at 
once from its common as- 
sociates. ‘The first to ap- 
pear are the two_ seed 
leaves, which measure from 
1 to 14 inches long by one- 
eighth inch broad. These 
are followed shortly by one 
or more branches bearing 
awl-shaped transitional 
leaves, which grade off 
eventually into the normal 
scalelike foliage. On 
thrifty, fast-growing seed- 
lings normal leaves are 
produced the first year. 
On slower-growing seed- 
lings they do not appear 
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until the second season. With the appearance of the true leaves the 
fanlike arrangement of the sprays is first apparent, the seedlings 
usually developing in one plane for several years. 

The branchlets occur alternately, and in one plane, forming an 
open fan-shaped spray, the smaller side branches of which are often 
shed about the second year, as is the case with arborvite and related 
species. | 

The main branches on younger trees are slender and taper gradu- 
ally, the lower limbs slightly drooping but with upturned tips. 
Higher up they are more erect, especially as they approach the top. 
In old age the limbs become thick and angular, tapering rapidly and 
turning up sharply at 
the ends, assuming a 
more or less candela- 
_bralike formation. 
This is particularly 
true of trees grown 
on poor sites. 


FLOWERS, FRUIT, AND 
SEED. 


Incense cedar has 
male and female flow- 
ers, which are borne 
singly at the tips of 
the twigs of the pre- 
vious season, usually 
on separate trees, but 


occasionally on the Fig. 2.—Cross section of a mature incense cedar 
same tree and even (taken 42 inches above the ground). a, old fire 


scars; 0, bark. 
the same _ branch. 


The male or pollen-bearing flowers appear in January as small oblong 
conelike bodies about one-fourth inch long, and are conspicuous for 
their golden-yellow color, which often tinges the whole tree during the 
winter and early spring. The cones or female flowers, at first dark 
green in color, are usually not noticable until somewhat later. In the 
summer and fall, however, they turn a yellowish brown and in good 
seed years are conspicuous by their abundance. Trees standing in 
the open, even though small, are particularly noticable in this respect, 
the entire crown frequently being covered with cones. In the fall 
the cones turn to a russet brown, maturing about September. By 
October they open and the seeds are distributed, the cones remain- 
ing on the trees until the following spring or summer. 
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- The cones are pendulous and from three-fourths inch to 14 inches ~ 


long by from one-fourth to five-sixteenths inch in diameter at the 
thickest part. They are subglobose in form, tapering to a rather 


Fic. 3.—Libocedrus decurrens. a, male flowers; }b, fruiting branch; ¢, seed. 


elongated blunt point, and consist morphologically of three pairs of 
scales (practically only two, the two inner pairs being united), one 
pair of which bear fertile seed. 
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The seeds, two of which are borne normally at the base of each of 
the two seed-bearing scales, are small, hght brown, and attached to a 
comparatively large wing measuring from three-eighths to one-half 
inch in length and from three-sixteenths to one-fourth inch in 
breadth. The lightness of the seeds, which weigh about 16,000 to the 
pound, and their relatively large wings adapt them to wide distribu- 
tion by the wind. The wings are provided with glands containing 
a clear, red, pungently odorous resin which renders the seed more or 
less undesirable to rodents. This and the abundance and small size 
of the seed doubtless do much to insure the perpetuation of the 
species. 

Incense cedar produces more or less seed annually, but good crops 
are not general oftener than once every three years. Thus, from the 
records available, we find that in 1906, 1909, 1912, and 1915 the seed 
crop was good, except in a few localities; whereas in the intervening 
years either little seed was produced or it was abundant only locally. 


REPRODUCTION. 


Incense cedar reproduces readily, and in good seed years abun- 
dantly. ‘Tests on the seed, however, show a germination of only from 
20 to 40 per cent. The seed is distributed in the fall and germinates 
early in the spring. Its ability to germinate in vegetable as well as 
mineral soil is advantageous in enabling it to get a foothold in deep 
litter, bear clover, and similar ground cover, where other species seem 
unable to start. It is even found growing in old stumps and rotten 
logs, where it often reaches a considerable size before securing a foot- 
hold in the mineral soil. Its long, rapidly growing taproot doubtless 
aids it a good deal in doing this and does much to insure its survival 
during the first few years of its life. 

Incense cedar ordinarily does not reproduce in the open or in 
dense shade, seeming to prefer the half light of a high forest or the 
yellow pine and black oak cover of the upper foothill zone. In 
early life it is exceedingly tolerant of shade, but requires more light 
for its full development as it grows older. Consequently, though 
it survives under dense shade, it is unable to compete with the faster 
growing pines or the more tolerant firs with which it is associated. 

Drought is undoubtedly the seedlings’ greatest enemy. The long 
dry season, extending in normal years from June 1 to October 15, 
causes many to succumb. In localities where actual counts have 
been made this loss has been found to amount to as much as 90 per 
cent, and in dry years it is practically complete. 

A good seed year followed by a favorable season means an abun- 
dance of reproduction; in other years there is practically none. It is 
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not uncommon, therefore, to find reproduction occurring in even- 
aged stands separated by an interval of several years from trees older 
and younger. 


RANGE. 


GEOGRAPHICAL, 


Incense cedar, next to western yellow pine, adapts itself to a wider 
variety of conditions than any other tree native to California. It is 
found growing under almost every condition, and apparently is lim- 
ited in distribution only by extreme drought, excessive humidity, and 
the conditions prevailing at high elevations. Its range is from north- 
ern Oregon to northern Mexico and from the eastern border of the 
fog belt in northern California nearly to the limits of commercial 
tree growth in western Nevada. Its northern limits are irregular, 
reaching as far north as Breitenbush Creek, on the west side of the 
Cascades, and to the foothills surrounding Mount Hood on the east 
side. It also is found on the Rogue-Umpqua divide in eastern Ore- 
gon, whence it extends south throughout the Siskiyous into northern 
California. In California it ranges between the foothills and the 
subalpine zones on both sides of the Sierras to the Kern River 
Valley and throughout the coast ranges at increasing elevations into 
northern Mexico and Lower California, where it finally disappears. 


ALTITUDINAL. 


East of the Cascades in northern Oregon the tree is found between 
altitudes of 2,000 and 3,000 feet, and in the southern part of the 
State between about 4,000 and 5,000 feet; on the west side of the 
Cascades it is abundant between 1,500 and 3,000 feet, and even higher 
in the warmer situations. In the coast ranges of California it occa- 
sionally goes as low as 1,100 feet, owing to heavier precipitation and 
an abundance of atmospheric moisture; but the bulk of it is found 
between 3,000 and 5,000 feet. In the mountains of northern Cali- 
fornia it grows between 2,500 and 6,000 feet, occasionally reaching 
as low as 1,000 feet where conditions are particularly favorable. It 
attains its best growth, however, between 3,000 and 6,000 feet. In 
the southern Sierras it is seldom found below 3,500 feet, and extends 
up. to 7,000 or 7,500 feet, doing best between 4,000 and 6,800 feet. 
On the east slope, in extreme eastern California and western 
Nevada, its range is limited to the Warner Mountains and the 
northern and central Sierras, where it is confined between the 5,000 
and 7,000 foot elevations. In the coast ranges of southern California 
and northern Mexico it grows still higher, the extreme aridity fixing 
its lower limit at about 4,000 feet and forcing it up as high as 9,000 
er 9,500 feet at its southern limits. 
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A gradual increase in elevation from north to south is apparent, 
ranging from between 1,100 and 5,000 feet at its northern limits to 
between 4,000 and 9,000 feet at its southern. Similarly a rise is 
noticeable from west to east, the limit in the coast ranges being 1,100 
and 5,000 feet, on the west slope of the Sierras 3,000 and 7,000 feet, 
and in western Nevada 5,800 and 7,000 feet. 


SILVICAL REQUIREMENTS. 
MOISTURE. 


The minimum water requirement of incense cedar is low compared 
with other commercial timbers, as is shown by its frequent occur- 
rence on dry, exposed ridges and at the extreme lower limits of 
commercial tree growth. It does best, however, where the supply of 
soil moisture is fairly abundant. In its drought-resisting qualities 
it is second only to western yellow pine among the commercially 
important species of its range; but extreme drought serves effectually 
to shut it out and, more than any other factor, prevents it from 
spreading to lower elevations. Excessive moisture, on the other 
hand, is equally effective in limiting itsrange. Hence we do not find 
it encroaching on wet mountain meadows or extending any great 
distance into the regions of excessive precipitation of the Pacific 
Northwest. 

Soil moisture and humidity complement each other to a certain 
extent, it being possible for an abundance of one to make up partially 
for a-lack of the other. Where soil moisture is sufficiently abundant, 
however, incense cedar will grow in an almost arid climate, showing 
that no great amount of humidity is essential. 


LIGHT. 


Incense cedar is a shade-enduring tree and reaches its best develop- 
ment in fairly dense stands. It is surpassed in tolerance only by 
white fir and possibly, in northern California and southern Oregon, 
by Douglas fir. The reluctance with which it sheds its lower limbs 
is an indication of this extreme tolerance. To kill out incense cedar 
by shading is almost impossible, though, of course, too much shade 
hinders growth, and an abundance of light, if other conditions are 
favorable, helps it. 


TEMPERATURE. 


Temperature is undoubtedly an important factor in the distribu- 
tion of incense cedar, particularly in limiting its range at the higher 
elevations. The extreme cold, combined with the short growing sea- 
son, is probably responsible more than any other factor for ex- 
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cluding this tree from the higher mountains. To a limited extent, 
heat may have some influence in fixing its lower limits. However, in 
view of the continued high temperatures which the tree is known to 
endure, it is doubtful whether heat has this effect, except as it reduces 
an already meager supply of moisture by causing excessive evap- 
oration. | 


SOIL. 


Of all the various factors affecting the occurrence of incense cedar, 
soil is probably the least important. The best proof of its adapta- 
bility in this respect is the fact that throughout its range it is found 
growing on soils of every description, bowlder wash and wet adobe 
excepted. 


GROWTH. 


Incense cedar is naturally a slow-growing tree. Under favorable 
conditions, however, its growth is fairly rapid, although it can not 
compete successfully with its more aggressive associates, sugar pine, 
yellow pine, and white fir. 


HEIGHT GROWTH. 


Table 12, which is based on stem analysis of 1,000 seedlings, shows 
the extremely slow growth of this species during the seedling stage 
under the average conditions prevailing in virgin stands. 


TABLE 12.—Jncense cedar, seedling growth (age-height) ; basis, 1,000 seedlings. 


[ CURVED. ] 
Height in feet. Height in feet. 
Average Average “| Average Average 
Age. heights heights Age. heights heights 
of-all Mean. of all of all Mean. of all 
seedlings] height. | seedlings seedlings} height. | seedlings 
below the abovethe below the above the 
mean. mean. mean. | mean. 
Years | Years. 
5 0.2 0.5 1.0 25 ils? 257, Fail 
10 -9 1.1 2.0 30 2.1 Sechilemens wear 
15 9 1.6 2.9 35 2.6 Fo Fe! ell pie er 
20 1.3 252 3.9 


Under ordinary conditions, suppression is doubtless responsible 
to a large extent for this extremely slow growth, since reproduction, 
as a rule, occurs only in small openings or under the half light of 
a high forest, where the encouragement for rapid growth is small. 
In the larger openings and on cut-over lands, where light is abund- 
ant seedlings shoot up rapidly after they have once become thor- 
oughly established. In fact, in all cases except those of extreme 
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suppression the seedling stage is followed by a period of more or 
less rapid height growth. 

Incense cedar, under ordinary conditions, makes its fastest height 
growth between the ages of 40 and 150 years, growing most rapidly 
between the fiftieth and seventy-fifth years. When the maximum has 
once been reached, however, height growth falls off rapidly until at 
about 100 years the periodic or current annual growth falls below 
the mean annual growth. Beyond 150 years, growth in height is 
merely nominal. While height growth varies in amount in different 
localities, the above statements held true in every case studied, except 
one on the Plumas National Forest. Here, while the rate of height 
growth at no time equaled the maximum in other localities, the period 
of height growth was prolonged considerably, continuing at a fair 
rate up to 300 years of age. 


TABLE 13.—Height growth of incense cedar. 


[CURVED.] 
Locality. Mean. 
Average | Average 
Plumas. of all of all : 
Age. Stadt above the} below the Basis 
Midorado..i@ gale, gnats ee mean. | mean. hate pamper . 
T. 24N.,|T. 24N., : SSE |) WEES 
R.5E. | R.10E. urements. 
Total height (feet) 
Years. FeeA 
GOSS ene eis sie) GA es se Seal odesos Sel aa aeeeseee 58 12 23 
SON sass sce CA eieeoctetisy sescoral Mim ese poses | (ev fea ee aa 73 29 49 46 
WOO 4 Ss. Sees nns = 78 52 OLA eres te eee 84 43 65 
1.) | BAe Ssaseesecpacs 86 63 TAD Be tee Sens 92 53 75 
WAQE RS eee wesc es 92 74 77 95 98 60 82 
GOES i see ae oe oe ae 97 83 82 100 102 67 86 177 
1 ee SSA orae 100 90 86 104 105 71 90 
PAU Se a Se eee 104 96 89 108 108 76 93 
DOs aa ot aie se seo ee 106 101 91 112 111 79 96 | 
DAQ Se aa Besse ee 109 106 93 116 113.5 82 98 | 
DOW Scns Serene oe 112 109.5 95 119 116 85 101 196 
0.31) SSS SAS Soe 114 113 96.5 122 118 88 103 
SUC Ges Se tesossce Sane 116 116 98 124 119.5 89.5 105 
OES an Sees tae 118 119 99 127 121 91 106 | 
Ae ree seen ent 120 121 100 129 122.5 92.5 108 | 
1a ih ae a ae Lie ee, ce 123 KON Boal |e et 124 94 109 96 
SO ee a ee we ae eed | eh 125 102 pee ee 1255 95.5 110 
AL) at ree eh ee 126 LOSS ELE Seen 127 97 111 | 
Basis number of | 
measurements.... 60 90 319 3 Soe SER I Siete (De ieee 2515 


1 Figures rounded off to the nearest foot. 

2 The difference between this figure and the total number of measurements indicated for the different 
localities is due to the inclusion of additional measurements, more or less scattered, from other localities 
in deriving the mean. 


DIAMETER GROWTH. 


Rapid diameter growth is confined largely to early life, although 
under favorable circumstances it continues for a considerably longer 
period than rapid height growth. Under ordinary conditions it 
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continues for about 200 years, after which it drops off, slowly at 
first, but more and more rapidly as old age approaches. The period 
of maximum diameter growth follows closely the period of max- 
imum height growth, beginning about the time height growth cul- 
minates. The maximum rate is attained shortly after the periodic 
annual height growth falls below the mean. 

Table 14 gives, for the sake of comparison, the average diameters 
breasthigh at different ages for trees growing in different localities. 
Considerable difference will be noted in the growth rate prevailing 
in the localities represented, but it also will be found that the 
period of rapid growth corresponds closely in every case. 


TABLE 14.—Diameter growth of incense cedar outside bark at breastheight. 


[CURVED.] 


Locality. 


Eldo- | N z Ne el 

o- a- a- a- 

rado | tional Shasta | Modoc | Kern | Tahoe tional | math 

oo Na- | Forest sinat | tional | tional | tionat | Forest] Na- | “2er 
tional | (T. 24 (T. 24 | tional | 48° 


Forest.| N.. R. Forest. | Forest.| Forest.| Forest. N., R. | Forest. 
5 E.) 10 E.) 
Diameter breasthigh outside bark. 
| | 
Years. Inches. | Inches. | Inches. | Inches. | Inches. | Inches. | Inches. | Inches. | Inches. 
SO eee cee 1.6 0. 1.4 0. 1.6 ileal 1 1.0 1.3 
AQ eo aae har as 3.8 2A 3.4 1.8 3.8 Dao 3.8 2.3 3. 
GO Penn Sea a Reon pera are 8.7 5.4 lew bee 6.3 Reo Det 5.0 6.4 
+31 |) etek a ee Mt Sey ewebinges Bes 2 e/a 13.9 8.7 11.4 9.0 12597) steel: 8.9 8.0 9.8 
LO ee ee pS a 19.2 12.6 16.0 12.8 Uy Fe Tia 1252 10.7 13.6 
11D, ners eines, — coc gay Bali ee Oe 23.6 7.4 20.0 16.6 20.9 14.1 1555 13.5 17.8 
1G TC eee ES | a ee pies Seabees DIEO PBS He 23.4 20.1 24.0 7.0 18.4 16.2 PALS 
GO 2s See ryan oS an eet 29.7 25.4 26. 2 23.0 26.7 19.7 20.8 18.9 23.6 
PSO a ee eee See ee eee ae 31.8 27.8 28. 4 25.5 28.9 22.0 22.5 20.3 25.7 
DV GRO SER RS 215 cd CARE oe 20th 33.5 30.2 30.6 28.0 30.8 24.0 24.0 23.0 27.8 
Dec | AI RG, pels ERD SEER CR DOS Bye D 32.6 30.3 32.4 25.8 735)..33 24.4 29.8 
AQ Ae es ei eee SRS 34.6 34.6 32.6 33.8 ZED 26.6 DS] 31.7 
DG a ee oe Ae | 38.7 36.6 36.6 34.8 35.0 29.1 27.9 27.0 33.6 
DED et a EES AE es aN 40.4 38.5 38. 4 37.0 35.9 30.5 29.9 28.3 | 35.4 
S00 ee rs | ake a a 40 Sta 24080) [See 36.9] 31.9] 30.2] 29.6] 36.9 
2, ieee aaa 2.0 5 Seems ce le Sa oa 41.7 AA een te BY iE7| 33.1 31.1 31.0 38.2 
Ba) Aaa ye ee “AREY EN ER PI a 43.1 ga a bapa 38.6 34.3 31.9 32.3 39.2 
=U aetna Tahal ee ie ae et ci Si oat Le AAAS ee el Pee 39.4 35.3 32.5 33.5 40.1 
SOO eee ne oe eee eee 7 ihn 9p) Wee ae SS eee wiped Hey. ees sept SoU eee 40.9 
BOO ee nae pie eG Sa ee ee 46.0 | See ON |e ean eal lien ee PR 3 aif sy | pati i, 41.6 
pee oe ee See SS es ee Se es eee ee 
Basis number of stump 
VSis Sees Soar 27 100 37 26 23 20 101 26 360 


VOLUME GROWTH. 


The cubic contents of the entire stem and the board-foot contents 
of the merchantable portion of trees of different ages grown in 
virgin stands are given in Table 15, together with the average 
heights and diameters on which these volumes are based. 


1 Complete volume tables will be found in the Appendix. 
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TABLE 15.—Growth in diameter, height, and volume of incense cedar. 


[ CURVED. ] 
Volume.! 
eee 
iameter a 
: Average 
Age. outside tons Cubic Board 
bark at | height feet feet 
breast- : : : 
Heicht outside | (Scribner 
eight. bark. | Dec. C). 


Years. Inches. Feet. 


1002-4222 13.6 65.0 32 70 
Ose 15.8 70.0 44 100 
120tee ee 17.8 75.0 56 140 
SWE oe 19.9 79.0 68 190 
1402 21.3 82.0 80 230 
ILO Sace 22.5 84.0 92 270 
160% =: 23.6 86.5 103 310 
Wi Oj ee 24.7 88.0 114 340 
180..... 25.7 90. 0 126 390 
190k 2s 26.8 91.5 138 440 
200m 22 27.8 93.0 150 490 
ZO sess: 28.8 94.5 163 540 
220 29.8 95.5 176 600 
230 30. 8 97.0 190 670 
240....- 31.7 98.5 204 720 
250 hes se 32.7 99.5 219 790 
260522. 33.6 100.5 234 850 
Dil es ae 34.5 101.5 250 900 
280R3. 35. 4 103. 0 264 970 
290 eres 36. 2 104. 0 278 1, 030 
300..-.. 36.9 104.5 290 1, 090 
31052522 37.6 105.5 302 1, 160 
320 neeee 38. 2 106.5 313 1, 200 
SOO hae 38.7 107.0 323 1, 240 
S40 Beas 39.2 107.7 333 1, 290 
350 Eee: 39.7 108.5 342 1, 340 
360ERo 40.1 109.0 350 1, 380 
ByVeacats 40.5 109.5 359 1, 410 
ate woot 40.9 110.0 | 367 1, 440 
S90 RES 41.3 111.0 |‘ 375 1, 480 
400..... 41.6 111.5 383 1,510 
Basis... 2 360 SAL Mei ee ee 


1 Volumes given are based on volume-table values for corresponding heights and diameters. 
2 Stump analyses. 
3 Measurements. 


The period of most rapid volume growth occurs later in life than 
the period of either rapid height or rapid diameter growth. The 
maximum periodic growth is reached at an age of about 275 years, 
after which increment falls off rapidly, dropping below the mean 
annual increment at about 345 years. The mean annual increment, 
however, increases gradually until an age of about 300 years is 
reached, after which it remains fairly constant, declining but slightly 
in the next 100 years. ‘This, it should be remembered, is true of the 
growth of individual forest-grown trees only. The growth in vol- 
ume of stands culminates much earlier and has no direct relation to 
that of individual trees. 

Table 16 shows how incense cedar compares with sugar pine and 
yellow pine in rate of growth and why it can not compete successfully 
with these species in mixed stands. 
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TABLE 16.—Comparative rate of growth of sugar pine, yellow pine, and 
incense cedar. 


Sugar pine. Yellow pine.! Incense cedar. 
Age. | Diame- os 
eter : ol- 
breast- Height. ume. 
high. 
Board 
Years. | Inches.| Feet. | feet. 

20 0.2 Slee eee é 12 

40 2.5 DAS ee See ae 6.5 pt aes oe 5 107)] Be eee al ieee 

60 dao 45°). ts2e = 11.4 5G Becoeere 6.4 PRY Be Ae 

80 13.0 72 110 16.1 79 210 9.8 49 (se ceee 
100 18.1 92 240 20.0 94 360 13.6 65 70 
120 220 106 490 23.3 104 610 17.8 75 140 
140 26. 8 118 850 25.8 112 890 21.3 82 230 
160 30.5 127 | 1,290 28.0 118} 1,170 23.6 86 310 
180 33.9 135 | 1,760 29.8 123 | 1,430 Zoek 90 390 
200 37.0 142 | 2,250 31.3 127 | 1,640 27.8 93 490 
220 40.0 148) 2830") hs es alee oc 2 eee eae 29.8 96 600 
240 42.5 153.43, 400s Foe 31.7 98 720 
260 44.9 N58: | 4100 aa See eee ences 33.6 101 850 
280 47.2 $625): 4: (8400) 5. 355 S| Sees eee 35.4 103 970 
300 49.3 TEC |}! 155700) 2.1. Gee sc pe ace Poe ones 36.9 105 | 1,090 
320 51.4 AS | G0207 1 ceo Se) Sete cee eee ee 38.2 106 | 1,200 
340 53.5 UTA |e ODO sec eo Sel eewcc. = eeee aac 39.2 108 | 1, 290 
360 55.5 CGA «GAO! | Se ace ote Pree ores pena see 40.1 109 | 1,380 
380 57.3 180. 83805) 4. See eee es eee a 40.9 110 | 1,440 
400 59.1 PSS: |] <9 O10... Ss See eccee [eee eoee = 41.6 111 | 1,510 


= eon Forest Service Bulletin 69, ‘‘Sugar Pine and Western Yellow Pine in California,’ by Albert 
. Cooper. 


GROWTH IN EVEN-AGED STANDS. 


Growth in diameter, height, and volume in even-aged stands is, 
as might be expected, much more rapid than that prevailing in 
virgin all-aged stands, where competition for light and growing 
space is keen. As is shown in Table 17, which is based on measure- 
ments gathered in Madera, Tuolumne, and Yuba Counties, this 
difference -is considerable. Unfortunately, no mature even-aged 
stands exist, and only general conclusions can be drawn as to the 
growth in later life under such conditions. It is evident, however, 
that incense cedar would make much better growth in even-aged 
stands than in the all-aged virgin forests. 


TABLE 17.—Average growth of individual trees in even-aged stands; basis, 
30 trees. 
[CURVED.] _ 


Diameter 
breast- 
jrotal | “high | Volume. 
8 outside 
bark. 


Beet Inches. | Cubic feet. 


Oy) Geo Seeectsl saoscessce 
15.5 3.1 0.5 
30.0 6.3 1.3 
43.5 9.2 4.2 
53.0 11.7 939 
60. 0 13.6 17.2 
64.0 14.9 26.0 
67.0 15.9 31.6 
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GROWTH AFTER CUTTING. 


Examinations of recent cuttings on lands culled over 30 or 40 
years ago indicate that the ability of incense cedar to recover from 
suppression is slight, once the period of rapid diameter and height 
growth is passed. Up to the present, however, observations have been 
too limited to justify definite conclusions, and further study will be 
necessary before its possibilities in this respect can be determined 
conclusively. 


FOREST TYPES AND ASSOCIATED SPECIES. 
Incense cedar is confined to two main forest types—the semiarid or 


western yellow-pine type and the middle-slope or mixed-conifer type. 
The first, in which yellow pine or Jeffrey pine predominates and 
incense cedar is represented sparingly, forms a narrow belt in the 
upper foothill zone, on the west slope of the Sierras and the east 
slope of the northern coast ranges, between the digger pine and the 
chaparral of the foothills and the mixed conifer stands of the timber 
belt. This type also is found in a modified form on the lava. beds in 
northeastern California, where it covers large areas, and on the east 
slopes of the Sierras, where it again forms a border along the lower 
edge of the commercial timber zone. 

Most of the incense cedar, however, is found in the mixed conifer 
forests of the middle slopes. This type is of varying composition, 
being made up of western yellow pine, Jeffrey pine, sugar pine, white 
fir, Douglas fir, and incense cedar in all proportions. In the southern 
Sierras Douglas fir is absent; in central and northern California it 
appears in constantly increasing proportions toward the north until, 
in the Siskiyous, it is the predominating species. From lower to 
higher elevations, too, the composition varies, the pines predominat- 
ing at first, only to give way to the firs higher up. A variation of the 
mixed-conifer type of the middle slope occurs on the east slope of the 
Sierras, where Jeffrey pine and white fir predominate and incense 
cedar occurs scatteringly. 

Incense cedar is sometimes found in the lower subalpine zone 
mixed with white fir, red or Shasta fir, lodgepole pine, and even 
western white pine. At lower elevations, where lodgepole pine 
occurs in the vicinity of mountain meadows, incense cedar grows 
near by on the drier portions of the site, but seldom mixes with it. 

At its extreme lower limits, where it is confined to ravines and 
watercourses, incense cedar occurs occasionally with yew and Califor- 
nia nutmeg; and in the coast ranges it occurs with a number of broad- 
leafed trees, among which are the broadleafed maple, alders, willows, 
dogwood, madrofia, chinquapin, and tanbark oak. 

Throughout the upper foothill belt on the west slope of the 
Sierras, California black oak is a particularly common associate of 
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incense cedar, being found throughout the yellow-pine and lower 
mixed-conifer zones. Other oaks also are found with it, although 
not so extensively. 

Bigtree or mountain redwood (Sequoia washingtioniana) also 
occurs within the range of incense cedar, and is associated more or 
less intimately with it wherever found. 

In southern California incense cedar associates most frequently 
with western yellow, Jeffrey, and sugar pine. Here at the upper 
limits of its range it also mixes with white fir and occasionally with 
lodgepole or limber pine, while below the commercial timber belt it 
is found growing with big-cone spruce, pifon, coulter pine, and 
western juniper. 


STAND. 


Owing to the scattered occurrence of incense cedar, figures as to 
stand and yield have little general application, since the widest 
variations frequently occur in the same locality and the species 
seldom, if ever, predominates in the stand. As an example, how- 
ever, of actual conditions, the average stand of cedar in the mixed- 
conifer type on the Plumas National Forest, based on an intensive 
reconnaissance of 2,200 acres, is given in Table 18. 


TABLE 18.—Average stand of incense cedar per acre, mixed-conifer type, Plumas 
National Forest; average of 2,200 acres, from reconnaissance data. 


Per cent 
Per cent /of incense 
of total | cedar in 


Die Hieber number | thestand 
breasthigh Per acre; Gain aio atse 
(inches). incense 

each classes 


cedar. diameter | based on 
class. number 


of trees. 

1DPev ae 0.36 Tee 21.1 
WA EE Re eer eee sao 6.6 20.0 
Gna. Se ee ae -36 TE 23.3 
PS eA ean .39 8.2 24.2 
DOR RE iat FS ee .48 10.5 24.6 
De agi rah Gi ue CS plored 45 9.3 Fie 
D4 rps Pk. 45 9.3 23.9 
D6 eee eee oa ee 37 7.8 21.9 
QB see = excess - 26 Fas 22.8 
|| a EI SS cate se ee .29 6.1 23.5 
O22... erga eeatees -39 a2 27:5 
OF ote omar nce ewes Pa 4 3.4 20.6 
36: Fo nsec Es 51é 3.4 21:3 
8 fo ip cane tt bein FA a og bi 7367, 19.5 
ADE? os sume Sane dee s -01 £5 16.5 
Pale leap eg pe Dr = at 2.2 Seu 
44 Re hs Se - 03 -6 13.1 
AG s.r aneee . 06 1.2 30.1 
48. tf ajcos- oc wtp -O1 -0 5.0 
BQ ee eee Soa See ee te ae ee | eee ee Se ere 
GOATS et 401, lke acces. 3 12.0 

ANT Art SeyOee SSI 4.82 100.0 2301 


Expressed in terms of volume, the average stand of incense cedar was 2,329 feet, board measure, per acre 
or about 14 per cent of the total volume. 
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Fia. 1.—BuTT OF A CULL INCENSE CEDAR LOG, SHOWING TYPICAL DRy-ROT. 
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Fia. 2.—CULL PLANK OF INCENSE CEDAR, SHOWING THE RESULT OF DRyY-ROT. 
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ENEMIES. 


DISEASE.1 


Incense cedar is subject to few diseases, but three of these are 
very common. They are caused by a mistletoe (Phoradendron juni- 
perinum libocedri), a rust fungus (Gymnosporangium blasdalea- 
num), and the dry-rot fungus (Polyporus amarus). The only seri- 
cus damage to merchantable trees, however, is due to the latter. 

Polyporus amarus attacks the heartwood of mature living trees 
only, trees below the age of 140 years being more or less im- 
mune. Thrifty growing trees in damp, rich soils seem to be less 
affected than slow-growing ones on dry, poor sites; and trees with 
large wounds are far more likely to be pecky than intact ones. 

The large annual fruiting bodies (sporophores or conchs) of Poly- 
porous amarus invariably grow out of branch holes or pin knots, never © 
through the bark. The mature conch has the shape of a bell cut 
lengthwise in halves. The upper side is light tan in color, the under 
side a brilliant yellow, turning brown with age. Spores are formed 
in enormous numbers and are carried by air currents to other trees. 
They germinates only when they land on a wound or opening lead- 
ing to the heartwood. Thus fire scars and branch stubs very often 
offer them an easy entrance. The fungus attacks the heartwood, 
honeycombing it with cavities from one-quarter inch to an inch in 
diameter by from an inch to several feet in length. These cavities 
are filled with a dry, brown, charcoal-like substance which char- 
acterizes this defect and gives it its name of “dry” or “ brown” rot. 
The wood between the cavities is usually sound. 

It is often impossible to detect the presence of dry-rot from the 
outward appearance of the tree, but there are certain infallible signs 
by which we can tell that the timber is infected. The presence of 
a fruiting body of Polyporus amarus, of course, indicates beyond a 
doubt that the fungus is at work in the heartwood. But the fleshy 
annual fruiting bodies are devoured eagerly by squirrels and the 
larvee of a small moth that afterwards burrows through into the 
dead bark. Later, woodpeckers chop out these larve, so that, finally, 
a cup-shaped depression, pierced with numerous larve holes, is 
formed in the bark where the fruiting body once was. These de- 
pressions are a certain sign of decay, and their number and appear- 
ence indicate the extent of the dry-rot in the interior of the tree. In 
general, the decay is more pronounced in the lower part of the tree, 
since the fungus very commonly starts from fire scars. 

Since the entrance of the dry-rot fungus into the heartwood can 
in a great number of cases be traced to fire scars, fire prevention and 


1 Prepared by Dr. HE. P. Meinecke, pathologist, Bureau of Plant Industry. 
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control is the first step in eliminating the disease. Where possible, 
also, trees with large wounds, whether from fire or otherwise, should 
be marked for cutting in preference to sound ones, and no trees with 
a fruiting body of Polyporus amarus or with the cup-shaped depres- 
sions described above should be left standing. 


FIRE. 


Repeated ground fires are responsible for considerable damage 
throughout the range of incense cedar, and few mature trees are 
to be found that do not show some evidence of this in burned butts 
and cat faces. In some regions fire damage has been extreme, prac- 
tically every tree being hollowed out at the base or felled by repeated 
fires. The thick bark of this species and its rather fire-resistant 
foliage offer considerable protection to mature trees; but severe 
fires, especially where there is an accumulation of débris, do a 
great deal of damage, since the somewhat resinous bark burns like 
punk, and a fire once started in it often burns for a long time. Re- 
peated fires eat into the tree, each successive fire enlarging the 
wound already made and increasing the danger of infection from 
disease. Incense cedar is, however, persistent, seldom succumbing 
to fire alone unless completely girdled or so burned out at the base 
that it falls through lack of mechanical support. Burning stimu- 
lates the natural tendency of the tree to buttress, extraordinary 
growth frequently being made in this way in an attempt to overcome 
the damage done. 

In stands of young cedar damage from fire is usually more severe, 
owing to the thinner bark and the greater exposure of the crown to 
the heat of the flames. - Although somewhat more fire resistant than 
the more resinous pines, its power of recovery is less, and it ranks 
after yellow and sugar pine, owing apparently to a lower fire resist- 
ance of the terminal buds. As a consequence, an incense cedar when 
scorched is usually as severely damaged as appears at first, while 
pines frequently recover entirely in a year or two, though at first the 
entire crown apparently has been killed. | 

The greatest damage by ground fires is to reproduction. No 
matter how light the fire, the smaller seedlings, growing half buried 
in the litter, are destroyed, and no future stand can be expected 
where the practice of light burning is followed or adequate fire 
protection is not given. 


INSECTS. 
Incense cedar rarely is killed by insect infestation, except in the 


seedling and sapling stage. Like the sequoias, mature trees are prac- 
tically immune from attacks causing death in one season. Mature 


INCENSE CEDAR. 31 


trees are, however, sometimes killed by repeated attacks of several 
species of beetles, and individual trees or small stands of cedar repro- 
duction are often killed by a species of Phloeosinus. Trees attacked 
by this beetle are killed outright in one summer, turning pale yellow 
by July and generally dying by October 1. To control insects in 
reproduction, all infested trees should be felled and burned during 
the fall, winter, or spring months before the beetles have emerged. 

When numbers of trees are found dying and there is evidence of 
primary insect injury the matter should be reported to the Bureau 
of Entomology with specimens of the insect or its work and request 
for information on the proper action to be taken. 


SNOW, WIND, GRAZING, ETC. 


As incense cedar occurs in close stands and more or less protected 
situations, snow and wind probably would cause comparatively little 
damage were it not for the brittleness of the tops and branches. As it 
1s, exposed trees invariably show the effects of snow and high winds 
by irregular one-sided crowns and broken or distorted tops. Con- 
siderable damage also is done to young timber when a heavy fall of 
wet snow is followed by high winds, the brittle branches and tops 
being frequently snapped off. Throughout its life, however, incense 
cedar is highly persistent in endeavoring to overcome this handicap 
by sending up new leaders, a tendency which results in the charac- 
teristic pronglike tops so common on this species. 

Incense cedar is probably subject to less damage from logging than 
any of its associated species, the seedlings and smaller saplings being 
tough, firmly rooted, and able to survive considerable hard usage. 
For the same reasons and because of the protection offered by the 
resinous, highly pungent foliage, which renders it less palatable than 
its associates, it is seldom damaged by sheep and cattle. 


MANAGEMENT. 
GENERAL POLICY ON NATIONAL FORESTS. 


At the time the Forest Service first undertook the administration 
of the National Forests incense cedar was regarded as a weed tree; 
and, in early sales of Government timber, efforts were made to elimi- 
nate it from the stand by marking it heavily for cutting. Later, as 
the excellent character of the lumber derived from it when sound 
became known, this policy was modified and sound thrifty trees were 
spared when they did not interfere seriously with the development 
of the more highly valued species. To-day, in view of its increasing 
value, incense cedar is receiving more consideration and its possi- 
bilities are being studied in an effort to determine the methods best 
adapted to insure its perpetuation and maximum development. 
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PROBLEM OF MANAGEMENT. 


In view of the fact that for many years to come the Forest Service, 
as well as timber owners in the West generally, will be concerned 
primarily with the management of virgin forests, it is evident that 
the immediate problem is the utilization of the present crop of mature 
and overmature timber and the protection of second-growth stands 
against loss through fire and disease. 

As has already been brought out, most of the merchantable incense 
cedar to-day consists of mature timber practically at a standstill as 
regards growth and more or less affected with dry-rot. The logical 
procedure, therefore, 1s to cut,out as fast as practicable all mature 
and infected trees, disposing of them at a nominal price if necessary, 
in order to insure the health and soundness of the remaining stand. 
Such a policy is now practiced by the Forest Service in sales of Goy- 
ernment timber and should be the policy of all private operators who 
are interested in the future of their holdings. By adequate fire pro- 
tection and the elimination of all diseased timber as the forested areas 
are cut over, future stands and the young and thrifty growing stock 
already established can be prevented to a large extent from falling 
into the unfortunate condition now prevailing in virgin stands. For- 
tunately, under normal conditions, natural reproduction of incense 
cedar is excellent, so that protection from fire and a reasonable 
amount of care in cutting are all that is necessary to insure a per- 
petuation of the stand. 

Next in importance, from the standpoint of management, is the 
encouragement of rapid growth and improved form in future stands 
of this species. Here the opportunity of the forester to overcome 
the obstacles presented. is limited only by the maximum possibilities 
of the tree and the economic conditions which must be met in order 
to insure a reasonable return on the investment. 


ROTATION. 


Preliminary studies by Dr. E. P. Meinecke have shown that on 
the most favorable sites few trees below the age of 150 years are 
affected with dry-rot. It is probable, therefore, that with proper 
sanitation and adequate protection from fire little loss need be feared 
before this age is reached. This is sufficient time under ordinary 
conditions for cedar to grow to a diameter of about 2 feet. Under 
proper silvicultural treatment this size can be increased materially 
without exceeding the rotation thus established. 

While under natural conditions incense cedar does not reach ma- 
turity until about the three hundred and forty-fifth year, it reaches 
merchantability, or a diameter of 28 inches, in about 200 years, and 
under favorable conditions for growth, such as might be expected 
to prevail in managed stands, in 150 years. This estimate is con- 
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servative for managed stands, since it is based entirely on what the 
tree has done in virgin stands. Though the most satisfactory rota- 
tion can not be determined definitely until stands have actually been 
brought under management, the above gives a working basis that is 
amply conservative. 


SILVICULTURAL TREATMENT. 


Incense cedar is naturally such a slow grower that in spite of its 
wide distribution and ready adaptability to various sites it can 
never be grown at a profit under any but the most favorable condi- 
tions. It would be folly to attempt to do so on sites where condi- 
tions are otherwise. It is even a question whether it should not be 
eliminated from the stand entirely on the sites less adapted to it, in 
order to favor as far as possible the species which can be counted 
on to produce an adequate return. Under the most favorable con- 
ditions and with proper handling incense cedar probably will yield 
returns equal to, or greater than, those of its associates because of 
its value for special uses. 

In general, however, the management of incense cedar will have 
to be subordinated to that of its more important associates, since it 
is unlikely that the forests in which it occurs will ever be handled 
with the single purpose of securing the best conditions of growth 
for it alone, or that it will ever be grown over large areas. The 
following discussion, therefore, must be considered as outlining the 
ideal management for incense cedar rather than the one which at 
present is economically advisable. 

Having adopted a rotation, the next question is how best to secure 
maximum development in the size and quality of the timber to be 
grown. Will incense cedar do best when grown with other species 
or when grown alone? Should it be grown in all-aged or in even- 
aged stands, and what silvicultural system will give the best re- 
sults—selection cutting, clear cutting and planting, the shelterwood 
method, or the seed-tree method ? 


CHARACTER OF STANDS. 


Incense cedar is a tree particularly well adapted to growing in 
mixture with other species. The fact that it is never found in pure 
stands, as well as its extreme tolerance, indicates this. On the other 
hand, its slow growth when suppressed and its fairly rapid growth, 
particularly in early life, when light, especially top light, is abun- 
dant, indicates that in even-aged stands the yield will be greater 
than in stands where all ages are represented and only the dominant 
trees receive full light. The study of growth in even-aged stands 
substantiates this conclusion. 
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SPECIES IN MIXTURE. 


All things considered, yellow pine is probably the most desirable 
tree to grow in combination with incense cedar, for, although its 
growth is more rapid, its foliage is not so dense as to suppress the 
cedar materially during the first 75 or 100 years, and in close stands 
it aids materially in forcing height growth and in shading out the 
lower limbs, thus insuring a reasonably clear length. Sugar pine, 
owing to its more open crown, is probably not so well adapted to 
this purpose as yellow pine, and the firs (both white and Douglas), 
because of their rapid growth and denser foliage, would tend to 
suppress the cedar and thus materially retard its growth. 


SILVICULTURAL SYSTEMS. 


It is probable that some modification of the shelterwood or selec- 
tion border cutting will give the best results, although to a large 
extent this will have to be worked out by actual field tests. The 
considerations leading to this conclusion are: (1) The fact that in- 
cense cedar is an abundant seed producer, (2) that reproduction is 
established readily under a high forest but not so readily under a 
dense cover or in the open, (8) that in this way stands practically 
even aged can eventually be secured. Strictly even-aged forests over 
areas of any considerable extent can of course be secured only by 
planting, but this is out of the question under present economic con- 
ditions. A method of cutting, then, that will insure approximately 
even-aged stands is desirable. 

On areas large enough in extent to:be capable of producing a sus- 
tained yield sufficient to warrant continuous operations or cuts at 
frequent intervals, say, every 5 or 10 years, the selection border cut- 
ting or a progressive thinning of successive strips would seem to be 
most advisable. This system allows the gradual opening up of the 
forest, thus insuring satisfactory stocking and progressively even- 
aged stands. On small areas, to be cut over only at long intervals or 
at the end of the rotation, a modification of the shelterwood system, 
which would provide for an opening up of the stand by the removal 
of the nurse trees and larger cedars at the time growth ordinarily 
begins to fall off, probably would give the most satisfactory results. 
The period of rapid development could thus be prolonged and the 
establishment of a second crop as an understory assured. 

While the silvicultural systems named above are applicable in 
general, the details necessarily will have to be worked out in each 
particular case. A feature in favor of these methods, however, is 
their flexibility, which not only makes possible such modifications 
as are necessary to meet local conditions, but also such changes as 
may be necessary to meet variations in the silvicultural condition of 
the stand or fluctuations of the market. 
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ARTIFICIAL FORESTATION. 
SEED COLLECTING. 
GATHERING THE SEED, 


The seed of incense cedar matures usually during the latter part 
of September or the first three weeks of October. The ripe cones 
may be gathered from the trees and the seed extracted later, or by 
spreading canvas or blankets beneath the trees and vigorously thrash- 
ing the branches the seed may be collected direct. 


EXTRACTING AND CLEANING SEED- 


Where the cones have been collected from the trees it is necessary 
to extract the seed artificially. This is usually done by spreading the 
cones on canvas or blankets in the sun until they open, which requires 
about three days, and then thrashing out the seed by hand. In stormy 
weather a drying house and artificial heat are necessary. 

Tt is desirable to remove the wings from the seed, so far as is pos- 
sible, and this may be accomplished in a measure by rubbing them 
vigorously between the hands, thus breaking off the greater portion 
of the wing. As a rule, however, this is not done, the seed simply 
being separated from the chaff and lght nonfertile seed by means 
of a fanning mill fitted with screens of the proper mesh, or by pouring 
the seed from one box to another in a current of air. 


YIELD AND COST OF SEED COLLECTION. 


Incense cedar seed is quoted by various seed dealers on the Pacific 
coast at from $1.65 to $4 a pound, and seed collected by the Forest 
Service in the past has cost from $1.50 to $2.25 a pound, according 
to the conditions under which the collecting was done. As to the 
yield to be expected, experience has shown that on the average from 
2 to 3 pounds of clean seed can be secured from a bushel of cones, 
while the number of seed per pound averages about 16,000. 


STORAGE. 


Seed of this species keeps best if placed in bags and stored in a 
cool, dry, well-ventilated place. Since it is very apt to mold if large 
quantities are kept in one bag with insufficient ventilation, the bags 
should not be too large and they should be hung up rather than piled 
in a compact heap, a precaution which also guards against the depre- 
dations of rodents. 


NURSERY PRACTICE. 


Owing to its relatively low germination per cent (from 20 to 40), 
it is necessary to sow incense cedar seed comparatively heavily. On 
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the average, therefore, about 3 pounds is usually sown to each 100 
square feet of seed bed, or 13 pounds to each 100 linear feet of drill. 

Under favorable conditions germination usually takes place in 
about three weeks and is fairly uniform, little if any of the fertile 
seed lying dormant. The seedling develops fairly rapidly for a 
conifer, and by the end of the first season is from 2 to 4 inches tall 
and has a root from 6 to 10 inches long. When 1 year old it usually 
is transplanted into beds or pots, and when 2 or 3 years old it is set 
out in the field, having by that time reached a height of from 6 to 10 
inches. The cost of raising stock varies widely, but is proportionately 
less when large quantities are raised. At the Pilgrim Creek nursery 
on the Shasta National Forest, in 1912, the cost of raising 1-year-old 
seedlings was $7.63 per 1,000, including overhead charges, and it was 
estimated that 2-year-old stock one year in the transplant beds had 
cost approximately $13.35 per 1,000. Adding $2.98, the average cost 
of preparing for shipment and hauling to the railroad, gives the 
average cost of stock of this species when it left the nursery as $16.63 
per 1,000. At other nurseries where stock has been raised in smaller 
quantities and transplanted into paper pots instead of transplant 
beds the cost has run as high as $27.50 per 1,000. There is little 
question, however, that stock of this species raised in commercial 
quantities could be produced at a cost considerably below these fig- 
ures. For ornamental purposes, for which there is a growing de- 
mand, incense cedars bring 60 cents apiece when from 6 inches to 
1 foot high and $1.50 when from 2 to 4 feet high. 


FIELD PLANTING AND SOWING. 


Repeated efforts have been made by the Forest Service to establish 
plantations of incense cedar by sowing both broadcast and in seed 
pots but with indifferent success, owing to damage by rodents and 
drought and to many of the sites being unfavorable. Where con- 
ditions are favorable, however, planting with this species gives fair 
promise of success. Too little work has yet been done to determine 
conclusively the possibilities of field planting, but there is every rea- 
son to believe that with proper methods incense cedar can be planted 
successfully. The cost, however, will have to be reduced materially 
before field planting can be done at a profit that will justify its 
being attempted on a commercial scale by private individuals. 
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BULLETIN 604, U. S: DEPARTMENT OF AGRICULTURE. 


TABLE 22.—Volume, in board feet, of incense cedar, based on number of 16-foot 
logs, Plumas, Sequoia, Shasta, and Stanislaus National Forests, California. 
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Average height of stump is between 1.6 and 3 feet; average length of logs scaled, 14.4 feet. 
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